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Abstract

We have acquired a gas chromatograph (GC) to investigate post-shock sampling of shock-heated
hydrocarbon fuels. The GC has four analytical columns, which allow for the precise
measurement of permanent gases (e.g. Oz, N2, CO, COz, CHa), clear separation (and therefore
measurement) of C2 and C3 hydrocarbons, and detection of aromatics and hydrocarbons C4 and
larger. A sampling system has been implemented on one of our existing shock tube facilities and
is used to extract a 13 cm® sample of shock-heated gas, 2 cm from the shock tube end wall. GC
analysis of the gas sample yields a measurement of the ultimate values of species at the end of
the reflected shock test time. Simultaneous in-Situ optical measurements allow for a direct
comparison of the sampled and optically measured results. Initial experimental results show
good agreement between optical measurements and GC analysis results.

Problem Statement

Stanford’s recent work on a fast-kinetics scheme to model the pyrolysis reactions that dominate
the first phase of hydrocarbon oxidation relies on the ability to measure key hydrocarbon
fragments (e.g. ethylene, methane, and acetylene) over a wide range of temperatures and
pressures. The optical diagnostics developed at Stanford for measuring the time-resolved
formation of these key species are crucial to this endeavor, but the addition of an extractive,
sampling-based measurement technique allows for the measurement of species not yet
measureable by optical methods (e.g. H2, benzene). Additionally, simultaneous laser- and
sampling-based measurements provide the opportunity for a direct comparison of the two
measurement techniques.

Gas Chromatograph (GC) Sampling System

We have acquired a 4-column GC (Agilent 490 MicroGC) for analysis of post-shock gas
samples. Each of the four columns (MolSieve 5A, PoraPLOT U, PoraPLOT Q, CP-Sil 5 CB)
targets a specific kind of species or subset of hydrocarbons. A 'i-inch diameter sampling line is
mounted on the Stanford Aerosol Shock Tube (AST) via a custom-made sidewall plug. The plug
is located 2 cm from the shock tube end wall. A fast-acting valve is located between the sample
line and the plug. A schematic of the sampling system is shown in Figure 1.
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Figure 1: Schematic of GC sampling system

Before running a shock experiment, the fast-acting valve is closed and the sample line is
evacuated. When a shock experiment is conducted, the vacuum valve is closed, thereby isolating
the sample line. The sampling event is initiated when the fast-acting valve is triggered by the
arrival of the reflected shock wave 2 cm from the end wall, and lasts for 1 sec.

Results Summary

A series of experiments was conducted to validate the sampling system results and explore the
thermal decomposition of ethylene and methane. Initially, a 1% ethylene/0.1% methane/balance
argon fuel mixture was shock-heated to ~960 K — a temperature low enough that no reaction
would occur. GC analysis of the post-shock gas sample showed an average of 100.0% and
100.2% recovery of the ethylene and methane, respectively. A CO2 gas laser (10.532 micron
emission line) was used to simultaneously record time-resolved ethylene mole fraction. Like the
GC measurements, the optical measurements showed 98% ethylene retention between initial fuel
loading and post-shock conditions.

In-situ optical and sampled-gas results were recorded for the same fuel mixture (1%
ethylene/0.1% methane/argon) over a range of temperatures (1200-1900 K) at ~4.5 atm. The GC
was used to measure the ultimate values of four species (ethylene, methane, acetylene, and
hydrogen) at each shock condition. The COz2 gas laser was used to measure ethylene mole
fraction as a function of time, and the ultimate value for each shock condition was taken to be the
ethylene mole fraction when the test pressure drops to 80% of the constant P5 value.
Additionally, the two experimental values were compared to results modeled using the USC
Mech Version II chemical kinetic mechanism (Wang et al.)!. Figure 2 shows a comparison of
the three ethylene data points for each shock condition.

! Hai Wang, Xiaoging You, Ameya V. Joshi, Scott G. Davis, Alexander Laskin, Fokion Egolfopoulos & Chung K. Law, USC Mech
Version Il. High-Temperature Combustion Reaction Model of H2/CO/C1-C4 Compounds. http://ignis.usc.edu/USC_Mech_Il.htm,
May 2007.
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Figure 2: Ultimate ethylene mole fraction values (comparison of GC, laser, and USC Mech version II results)

Figures 3-5 show the three additional species (methane, acetylene, and hydrogen) measured
using the GC that were not measured optically. The results are again compared to results
modeled using the USC Mech Version II mechanism.
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Figure 3: Ultimate methane mole fraction values (comparison of GC and USC Mech version II results)
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Figure 4: Ultimate acetylene mole fraction values (comparison of GC and USC Mech version II results)
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Figure 5: Ultimate H2 mole fraction values (comparison of GC and USC Mech version II results)

As indicated above, the GC measurements capture the temperature-dependent trends expected
from the pyrolysis of a 1% ethylene/0.1% methane fuel mixture. The GC methane
measurements in particular show close agreement with the kinetic mechanism results. Larger
discrepancies between GC measurements, optical measurements, and mechanism results (e.g.
Figure 1) indicate that further work is necessary to optimize the sampling process and improve
the accuracy of the GC analysis.

Future Work

The initial GC measurements taken using the newly implemented post-shock sampling system
are quite promising — temperature-dependent trends can be captured by analyzing post-shock gas

6



samples and relatively good agreement can be seen between GC, laser, and modeled mechanism
results. A number of procedural and structural changes to the sampling system have been
identified and will be implemented to improve the fidelity of the GC analysis results. The
improved sampling system will then be used to explore larger, single-component hydrocarbon
fuels (e.g. n-heptane, n-dodecane), followed by real fuels, including JP-8 and diesel. The suite of
species analyzed using the GC will be expanded and additional optical diagnostics will be
implemented for comparison.





